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INTRODUCTION 
Plant species are considered weeds when their exclusion 
from the artificially maintained habitat becomes a major 
problem in crop production. Seed dormancy is the major 
adaptation which permits weeds to germinate, survive and 
flourish in spite of agronomic practices designed to favor 
the crop. Indeed an annual weed, as contrasted with an an­
nual crop plant, is a species with dormant seed which germi­
nate only under a narrow range of environmental conditions. 
As a result of this particular adaptation, propagules of 
weed species may remain in the non-growing or dormant state 
for extended periods of time. During this time, varying 
percentages of seed encounter the combination of environmen­
tal conditions which results in termination of dormancy, 
germination, and the production of a year to year population 
of seedlings, some of which survive and produce seed. An 
understanding of the rigorous conditions under which dormant 
seed may still remain viable and of the narrow range of envi­
ronmental conditions under which they lose dormancy and ger­
minate, is basic to the development of superior weed control 
methods. 
The present study was undertaken to investigate the 
mechanisms underlying the maintenance of dormancy and to ex­
plain observed changes in expression of dormancy in response 
to the natural environment. Abutilon theophrasti Medic, and 
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Polygonum pensylvanicum L. were chosen because they met the 
major requirements for suitable experimental material for 
the study. Both species have dormant seed; methods were 
known for breaking dormancy ; both were suited to the tech­
niques of embryo culture ; the two species represented dis­
tinct types of seed dormancy; and, in the case of A. theo-
phrasti. detailed information on the morphology and struc­
ture of the seed coat was available. 
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LITERATURE REVIEW 
Many plant species produce seed* which exhibits little 
or no germination when placed under conditions generally 
considered favorable for growth. This phenomenon is re­
ferred to commonly as seed dormancy. Physiological studies 
of seed dormancy are recorded in the literature throughout 
the last fifty years and observations of the phenomenon 
undoubtedly were made prior to the present century. Dor­
mancy can be attributed to a number of biochemical and phys­
ical factors and for purposes of convenience may be divided 
into a number of types. On the basis of these general types, 
the sequence of scientific endeavors in the field will be 
outlined. 
Dormancy as Determined by Seed Structure 
Impermeability of seed coats to exchange of gases or to 
uptake of water has been considered a major contributing 
factor to this type of dormancy. Seed coats may also limit 
the swelling of the embryo. This mechanical restriction has 
been shown to be a factor in the dormancy of seed of Alisma 
plantago (Pursh) Farw. (Crocker and Davis, 1914). 
•The term seed is used in a general sense to indicate 
a variety of plant propagules such as seed, achenes, berries, 
etc. 
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Brown (1940) studied the gas permeability of seed coat 
membranes of Cucurbita pepo. He found that the outer mem­
brane was much less permeable to gases than the inner. His 
results indicated that the living tissue of the inner mem­
brane limited gas exchange, since the outer membrane was 
discontinuous at the micropylar region. Killing this tissue 
increased diffusion rates of gases. Atwood (1914) found 
that dormant wild oat seed would germinate when placed in an 
atmosphere of high oxygen tension. Breaking the seed coat 
produced the same result. Toole et al. (1956), however, 
suggested that manipulation of the seed during seed coat 
rupture may have associated effects not related to actual 
change in the seed coat. They found that the light sensi­
tivity of lettuce seed for example could be lost simply by 
disturbing the external seed coat. Black (1959) showed that 
the germination inhibiting effect of the enclosing lemma and 
palea could not be attributed to a limitation of gas ex­
change. 
Impermeability of seed to water has been studied inten­
sively in the Leguminosae. Hyde (1954) found that seed of 
several legume species contain a valve-like fissure in the 
impermeable epidermis of the testa. This valve (hilum) 
opened or closed with changes in the relative humidity of 
the atmosphere around the seed, allowing for a controlled 
exchange of water. Burch and Delouche (1959) found that the 
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seed coverings of cotton and caster bean retarded moisture 
absorption. Downey et al. (1954) attributed differences in 
seed permeability among lines of sweet clover to brown 
sunken areas in the seed coat. This mottling of the seed 
coat was genetically controlled. 
Seed Dormancy as Determined by Metabolic Factors 
Failure of seed germination may be due to metabolic 
blocks to embryo growth, originating in the embryo itself or 
in tissues external to the embryo. Control of germination 
may be exerted through the influence of naturally occurring 
chemical inhibitors or may result from the absence of cer­
tain required biochemical intermediates. Other seeds have 
specific light requirements which in all probability are 
linked to chemical reactions. 
Davis (1912) found that seed of Crataegus mollis (T & G) 
Scheele required an after-ripening period in moist condi­
tions at 5° to 6°C. Eckerson (1913, p. 286) defined after-
ripening in the following statement: 
A few seeds have been studied which do not 
grow when all coats have been removed and the embryo 
put in good germinating conditions. Some change 
within the embryo is necessary before germination, 
that is, lengthening of the hypocotyl, can take place„ 
This process is what we mean by 'after-ripening1. 
This type of seed dormancy may be referred to as embryo 
dormancy. 
Eckerson (1913) carried out comparative chemical 
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studies on dormant and after-ripened embryos of Crataegus 
mollis. She found that after-ripened embryos had an in­
creased capacity for water uptake. This increased capacity 
was coincident with an increase in titratable acidity. 
These embryos also showed many fold increases in catalase 
and peroxidase activity. The after-ripening period could be 
shortened by treating the embryos with dilute hydrochloric, 
butyric, or acetic acid. 
In studies of after-ripening and germination of juniper 
seed, Pack (1921a) found that temperatures in the range of 
1° to 10°C were effective in after-ripening, however, the 
5°C temperature proved to be most successful. After-ripened 
seeds showed an increase in hydrogen-ion concentration and 
titratable acidity. He found a seven-fold increase in amino 
acid content of treated seed and a doubling of catalaae ac­
tivity as measured by the release of oxygen from hydrogen 
peroxide in the presence of crude seed extract. Soluble 
proteins increased, while histidine disappeared from the 
endosperm tissue. Respiration studies were carried out 
using a Bannier and Mangin apparatus. A small segment of 
these data (Pack, 1921a, p. 50) is illustrated below: 
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Respiration of seed at different periods of development 
at 2S®C (7 ml volume) 
Condition of 
seed (at 5°C) No. 
Green 
weight Days COg/Og 
Mg C02 
per 
hour 
per g 
Mg 02 
per 
hour 
per g 
Dry 500 1.250 5 0.76 0.00098 0.0011 
After 5 days 50 0.125 1 0.84 0.1311 0.1347 
After 30 days 10 0.030 3 0.94 0.218 0.1976 
After 60 days 10 0.027 3 0.97 0.2352 0.2151 
After 90 days 10 0.028 3 0.97 0.2354 0.2075 
After 100 days 10 0.028 3 0.68 0.2486 0.3192 
After 130 days 10 0.099 1 0.95 0.4890 0.4398 
Further studies by Pack (1921b) showed a 0.5% increase in 
reducing sugars, after hydrolysis, in after-ripening seed. 
An interesting observation was that nearly all of these 
reducing sugars both in dormant and after-ripened seed were 
tied up with tannins. Sherman (1921) made respiratory stud­
ies on dormant seed of a number of species of Prunus which 
has embryo dormancy, as well as on Amaranthus retroflexus L., 
Chenopodium album L., and other species in which dormancy 
was not due to embryonic factors. He suggested from his 
findings that seed possessing no embryo dormancy had a more 
stable respiration rate than that having embryo dormancy. 
Pollock and Olney (1959) measured rates of oxygen up­
take of intact seed, embryonic axes, and leaf primordia of 
o 
cherry seed at various stages during a 5 0 after-ripening 
o 
period. Seed placed under moist conditions at 25 G served 
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o 
as checks. The 5 G after-ripening seed showed a continuing 
increase in oxygen uptake associated mostly with the embry­
onic axis and leaf primordia portions of the embryos. Res­
piration was stimulated by 2-4-dinitrophenol, but the effect 
was less pronounced as the sved approached the growing con­
dition. The author suggested that the decline in stimula­
tion indicated a shift in a rate-limiting step in respira­
tion as after-ripening progressed. The shift from a rate 
limiting step in the phosphorylation system to one in the 
respiratory chain itself was considered. Another explana­
tion was that the respiratory substrate was limiting, but 
experiments with cyanide did not confirm this. The authors 
interpreted their results as indicating that breaking of the 
rest period was due to an increased availability of energy, 
made possible by an increased supply of phosphate acceptors. 
Further studies on after-ripening embryos (Olney and 
Pollock, I960) showed an increase in phosphorus on a per 
cell basis in the embryonic axis, as a result of transloca­
tion from storage organs. This finding supports their pos­
tulation as presented previously. 
Flemion (1931, 1933a, 1933b, 1934a, 1934b) made an 
extensive study of embryo dormancy in Sorbus aucuparia 
Niewl., Rhodotypos kerrioides Sieb and Zucc., Sympharicareas 
racemosus Michx., as well as several species of Rosaceae. 
She found that after-ripening temperature was very critical 
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with seed of Rhodotypos kerrioides. After three and one-
o , 
half months treatment of seed in moist peat at 5 C, 25% of 
the seed was germinable, while at all other temperatures at 
5° intervals from 1° to 30°C no germination occurred. Iso­
lated embryos of Sorbus aucuparia could be after-ripened in 
six weeks in moist peat at 5°C while intact seed did not 
show germination until some time later (Flemion, 1931)• 
Isolated non-after-ripened embryos of Rhodotypos kerrioides 
when placed in moist peat at 25°C produced dwarfed seedlings. 
These seedlings had short, stocky hypocotyls and internodes, 
and small, dark green leaves (Flemion, 1933b). These 
dwarfed seedlings, when transferred to soil, showed a 
change-over to normal growth after some four to seven months. 
Tukey (1938) cultured mature and immature embryos of several 
species of Rosaceae. He obtained dwarf seedlings from em­
bryos isolated from mature seed. After thirty days in weak 
o 
light at 45 F dwarf plants began normal development. 
Lammerts (1943) also obtained dwarf seedlings by culturing 
embryos from non-after-ripened seed. 
The observation (Flemion, 1931) that isolated embryos 
can be after-ripened more quickly than whole seed led to a 
belief that tissues exterior to the embryo may exert con­
trolling influences on the germination process. Christie 
(1956) in studies of dormancy in wild oats found a slower 
rate of germination when the apical one-half of the seed was 
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severed than when the enclosing lemma and palea were re­
moved . 
Evenari (1949) reviewed the literature on germination 
inhibitors. Some of the naturally occurring germination 
inhibitors reported include ammonia, hydrogen cyanide, 
ethylene, essential oils, alkaloids, unsaturated lactones, 
and unsaturated acids. He also attempted to correlate 
inhibitory activity with chemical structure. Black (1959) 
obtained two inhibitory regions on chromatograms of aqueous 
extracts of hull and caryopsis of Avena fatua L. 
A number of species produce seed which has a light re­
quirement for germination or, conversely, which is inhibited 
by exposure to light. The phenomena appear to be related in 
several ways to a number of other physiological responses to 
light. The subject was reviewed by Toole et al. (1956) and 
Toole (1959). Borthwick et al. (1954) studied the action of 
light on lettuce seed germination. Germination can be in­
fluenced in a reversible manner by radiation in the red and 
far red. The suggested mechanism for the numerous physio­
logical responses is based on a postulated reversible reac­
tion (Hendricks and Borthwick, 1959)• 
PH2 + A ' . P + AH2 
Where P is the receptor pigment and A is an acceptor 
molecule. The reaction tends to go to the right under the 
o 
influence of light with an absorption maximum of 6600 A and 
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o 
to the left with a maximum of 7350 A. Kahn (i960) in exper­
iments on lettuce seed germination obtained evidence that 
light sensitivity affects water uptake by this seed. Sifton 
(1959) found changes in the colloidal state of aleurone 
grains in embryos of Typha latifolia L. The changes, which 
are favored strongly by white light and low oxygen concen­
tration, resulted in changes in the properties of the aleu­
rone grains so that they attracted and held water more 
strongly. The swelling which resulted caused rupturing of 
the seed coat and germination followed. 
Seed dormancy rarely can be attributed to a single fac­
tor or condition but rather is an expression of both struc­
tural and metabolic phenomena. The relative influence of 
either may vary with the species and with conditions to 
which the seed has been exposed. Thus, seed of Cotoneaster 
divaricata RehC. and Vfils. required soaking in concentrated 
sulfuric acid for two and one-half hours, followed by after-
ripening at 5°C for two and one-half months before germina­
tion was obtained (Crocker and Barton, 1953). 
Winter (1960a, 1960b) studied the anatomical develop­
ment of seed of Abutilon theophrastl Medic. The seed of 
this species is enclosed by a thick, hard seed coat. Winter 
(1960b) presented the commonly held view that seed dormancy 
in this genus is due to an impermeable seed coat. 
Steinbauer and Grigsby (1959) obtained seed coat rupture and 
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subsequent germination of A. theophrasti seed by immersing 
them in boiling water for one minute, an additional increase 
in emergence was obtained by sulfuric acid scarification. 
Ransom (1935) studied after-ripening requirements for 
seed of several species of Polygonaceae. He found that seed 
of Polygonum pensylvanicum L. required an after-ripening 
treatment of five months at 6° to 9°C. The seed so treated 
then showed 84% germination. 
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MATERIALS AND METHODS 
Seed of Abutilon theophrasti and Polygonum pensylvani-
cum was used in this study of seed dormancy. Techniques of 
embryo culture, electron microscopy and chemical analysis 
were employed. Seed of A. theophrasti and P. pensylvanicum 
was harvested from wild populations, dried and stored at 
approximately 5°G until used. Seed was designated by the 
year of harvest. 
Seed Germination Tests 
Two filter papers were placed in the bottom of standard 
petri dishes (9 cm diameter). The paper was moistened with 
a measured volume of deionized water and the seed distrib­
uted uniformly on the surface of the paper. Germination 
tests ran for a six-day period under controlled temperature 
conditions in darkness. Germination counts were made at 
two-day intervals. Germinated seed is defined, for purposes 
of this study, as that stage of growth when the radicle has 
penetrated the seed coat and is approximately five milli­
meters or more in length. Germination percentages are based 
on one-hundred seed unless otherwise indicated. Whenever 
possible, growth of isolated embryos was also used as a 
measure of the germination potential of seed lots. 
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Embryo Culture Techniques 
Seed coats were removed by cutting through the coat 
around the seed periphery with a razor blade. The seed was 
then soaked in water at 0° to 4°C for two to four hours to 
facilitate removal of the embryo. The soaked seed was sur­
face sterilized in filtered calcium hypochlorite solution 
(4% W/V calcium hypochlorite in water) for two one-minute 
intervals, then rinsed in sterile distilled water. Scalpels 
and forceps were placed in 50% ethyl alcohol and flame ster­
ilized with an alcohol lamp prior to use. Embryo isolation 
was carried out under a dissecting microscope at 5Ox magni­
fication. A transfer chamber was designed to reduce possi­
bilities of contamination during the embryo isolation and 
transfer process. The chamber was built from three-quarter 
inch plywood with a concave plexiglass front which facili­
tated the incorporation of a dissecting microscope into the 
system. Manipulations were carried out through circular 
armholes in the front of the chamber. The transfer chamber 
is illustrated in Pig. 1. 
All glassware used in embryo culture procedures was 
soaked in standard sulfuric acid-sodium dichromate, glass 
cleaning solution and rinsed thoroughly in tap and distilled 
water. Deionized water was used in medium preparation as 
well as in germination tests previously described. This 
water was prepared by passing ordinary distilled water 
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Fig. 1. Transfer chamber used in embryo 
culture experiments 
through a Barnstead demineralizer. Chemicals used were of 
reagent grade unless otherwise indicated. 
Embryos were cultured on a semi-solid culture medium, 
based on that described by Eappaport (1954) with some modi­
fications. The following stock solutions were prepared: 
Stock solution A 
Ca(N03)2 • 4H20 23.6 g 
KN05 8.5 g 
KC1 6.5 g 
H20 to 500 ml 
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Stock solution B 
NaH2P04 • H20 
MgSO^ 
MnSO^ • H20 0.76 g 
1.35 g 
3.02 g 
EgO to 250 ml 
Stock solution G 
A chelated form of iron was prepared using the 
method of Jacobson (1951). The ethylene diamine 
tetra-acetic acid was obtained from Eastman 
Chemical Company. One milliliter of the solu­
tion provided five parts per million of iron in 
one liter of nutrient medium. 
Basic medium was prepared according to the following sched-
1. 20 g sucrose was added to 1 liter of water and 
the solution was brought to a boil. 
2. With constant stirring, 8 g of agar (Difco, 
Special Noble) was added slowly and the mixture 
boiled until the agar was completely in solution. 
3. The solution was allowed to cool; then 5 ml of 
solution A, 2.5 ml of solution B, and 1 ml of 
solution C were added. 
4. The medium was poured into suitable containers and 
autoclaved for 20 minutes at 15 lb pressure. 
Embryos were isolated from seed of Polygonum pensylva-
nicum. Isolated embryos were placed in a drop of fixative 
and three one-millimeter portions were excised from the 
radicle extremity. The portions were transferred 
ule 
Electron Microscopy 
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immediately to fresh fixative maintained at 0° to 4°C. Buf­
fered osmium tetroxide (Palade, 1952) was used as the fixa­
tive . 
Dehydration and embedding in Vestopol W was carried out 
according to the method of Ryter and Kellenberger (1958). 
Epon 812, epoxy resin was also used as an embedding medium. 
The procedure followed was that of Luft (Pease, I960). The 
material was sectioned with a Porter-Blum microtome and 
glass knives, and examined with a RCA EMÏÏ-2A electron micro­
scope. 
Many of the details of procedure followed in electron 
microscopy were taken from the methods of Pease (i960) and 
will be included in the presentation of results. Other de­
tails of routine and special laboratory procedures will be 
presented similarly. 
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RESULTS FROM STUDIES OF SEED DORMANCY 
IN ABUTILOi: THEOPHRASTI 
Seed produced by Abutilon theophrasti is dormant and 
long-lived. Dormancy has been attributed generally to a 
hard, thick seed coat which acts as a barrier to water and/ 
or gas transfer. Winter (1960a, 1960b) studied the anatom­
ical development of A. theophrasti seed. The seed is en­
closed by a lignified and cutinized palisade layer which is 
discontinuous only in the chalazal region, where a slit 
shaped opening (60 x 740 microns) occurs. The palisade 
layer was considered to be the major barrier to water entry 
and the chalazal discontinuity a possible site of moisture 
exchange. 
The present study has entailed a more extensive inves­
tigation of the possible role of anatomical features, such 
as the impermeable seed coat, the chalazal slit and a region 
of potential fracture in the seed coat, in seed dormancy of 
this species. Incomplete germination of seed, even though 
imbibition had occurred, led to further studies into the 
presence of germination inhibitors and their possible rela­
tionship to light sensitivity. Methods of breaking dormancy, 
such as cutting the seed coat, treating with hot water and 
alternating the germination temperature were explored and 
the relationships of these factors to the physiology of the 
seed were considered. 
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Anatomical Considerations 
Certain anatomical features of A. theophrasti seed 
appear to be involved in the process of water uptake. The 
chalazal slit and a region of breakage in the seed coat were 
two such structures investigated in experiments involving 
changes of relative humidity in storage conditions, and in 
seed drying treatments. 
Gross anatomy of the seed 
Preliminary observations of dry seed of A. theophrasti 
were made under a binocular microscope at 50x magnification. 
Several morphological features of the seed are illustrated 
in Pigs. 2, 3 and 4. The external surface of the seed con­
sists of a thick, waxy cuticle interspersed with epidermal 
hairs. The appearance of droplets of water under the cutic-
ular layer early in the germination process indicated the 
minor role played by the cuticle in excluding water from the 
seed. The chalazal slit is covered with a loose fitting cap 
of funicular tissue. A ridge of tissue of varying height 
was observed just above the chalazal opening. This ridge is 
the region of seed coat rupture. When the seed coat rup­
tures a crescent-shaped portion of the seed coat is dis­
placed and the underlying embryonic tissue exposed. 
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Pig. 2. Seed of Abut il oil theophrasti showing chalazal 
opening and cap of funicular tissue 
Permeability of seed coats 
Visual observations of the actual opening and closing 
of the chalazal slit were made. A drop of water, applied to 
the seed coat in the region of the chalazal slit, brought 
about a rapid closing of the slit opening. Continued obser­
vation revealed that, as the water evaporated, the slit 
slowly returned to its original open position. The process 
could be repeated. Similar observations of the opening and 
closing of the hilar fissure in seed of a number of legumes 
Fig. 3. Seed of Abutilon theophrasti 
Note the ridge-like protrusion just 
above the chalazal slit on the seed 
on the left 
Fig. 4. Seed of Abutilon theophrasti 
The three seed on the right show varying 
degrees of "ridging". The cap of funicular 
tissue which covers the underlying chalazal 
slit is also shown. The seed on the left 
has the cap removed exposing the chalazal 
slit, a discontinuity in the palisade layer 
and associated tissues of the seed coat. 
This seed also shows the crescent-shaped 
opening through the seed coat resulting 
from rupture in the ridge region 
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was made by Hyde (1954). He concluded that the opening or 
closing was dependent on large differences in relative hu­
midity between interior and exterior surfaces of the fissure 
and gradual changes did not cause activation of the mecha­
nism. An experiment was designed to determine if such a 
system was operative in seed of A. theophrasti. 
A series of four desiccators was fitted with pinch 
clamp controlled outlets which permitted the addition of 
water to sulfuric acid solutions in the bottom of each des­
iccator without exchange of air. Sulfuric acid solutions 
were prepared according to tables presented by Loomis and 
Shull (1937) so that an initial relative humidity of 4-5# at 
20°C was attained in the desiccators. Seed used in this 
experiment had been stored for two years at 5°C and 71% 
relative humidity. Two samples of 100 seed were placed in 
each desiccator and the systems were allowed to equilibrate 
for seven days. The relative humidity was increased in one 
desiccator over a thirty-day interval to 80# by daily addi­
tions of water. The increase to 80# was accomplished over a 
sixty-day interval in a second desiccator. The relative 
humidity was raised immediately to 80# in the remaining two 
desiccators. An initial germination test on the 1958 seed 
used in the experiment was recorded and seed was removed 
from desiccators and tested for germination at the end of 
the thirty-and sixty-day time periods. The results of the 
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experiment are presented in Table 1. Gradual increase in 
the relative humidity of the storage environment did not in­
crease the germination of A. theophrasti seed. In fact, all 
of these treatments reduced germination by nearly 50#. 
The functioning of the valvelike mechanism of the cha-
lazal slit may depend upon absorption of water by non-living 
cells, or may be controlled by some function of living 
Table 1. Effect of varying relative humidity, pre-germina-
tion treatments on the germination of Abutilon 
theophrasti seed which had been stored at approx-
imately 5UC and 71# relative humidity 
# Germination0 after 
Pre-germination treatment 2 days 4 days 6 days 
Hone 15 36 36 
20°C, relative humidity 
increased from 45# to 80# 
in 30 days 12 17 18 
20°C, relative humidity 80# 
for 30 days . 11 21 21 
20°C, relative humidity 
increased from 45# to 80# 
in 60 days 0 17 20 
20°C, relative humidity 80# 
for 60 days 2 16 20 
20°0, relative humidity 
increased from 15.5# to 80# 
in 30 days 3 23 33 
^Averages of two samples of 100 seed. 
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tissues. To check this latter possibility, seed was treated 
with a cytological fixative, 3:1 ethanol-acetic acid, thor­
oughly washed and the germination percentages recorded. Re­
sults presented in Table 2 show no increase in germination 
of treated seed following fixative treatments. Actually, 
germination was reduced markedly by the treatments. 
Another possible point of water entry was the site of 
seed coat rupture, a ridge-like structure previously de­
scribed and illustrated in Figs. 3 and 4. A small percent­
age of stored seed (10% in one case) in all lots examined, 
possessed this small ridge-like structure just above the 
chalazal opening. All seed which possessed this "ridge" 
structure imbibed water quickly during germination tests. 
Table 2. Effect of treatment with a 3:1 solution of 95% 
ethyl alcohol-glacial acetic acid on germination 
of Abutilon theophrasti seed 
Treatment time % Germination at 20®C after 
(minutes) 2 days 4 days 6 days 
0 1 22 22 
1 1 9 10 
3 2 14 15 
10 16 7 
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The ridge resulted from fracture of the seed coat in a uni­
form pattern, and when the overlying seed coat tissue was 
removed a crescent-shaped region of embryonic tissue was 
exposed. Fracturing was considered to result from moisture 
loss through the chalazal slit, subsequent shrinkage of the 
underlying tissue and ultimately stress on the seed coat 
tissue. This line of reasoning was tested in an experiment 
in which A. theophrasti seed was dried over calcium chloride 
in a desiccator. The germination of seed so treated was in­
creased markedly as shown in Table 3-
If impermeability to water were the only factor respon­
sible for seed dormancy of A. theophrasti, mechanical rup­
ture of the seed coat should have resulted in complete ger­
mination of viable seed. Experiments summarized in Table 4 
showed that impermeability to water was not the only factor 
limiting to germination. Inexplicable variations in ob­
served germinations from lot to lot and from experiment to 
experiment suggested that additional factors were involved. 
Table 3« Germination of Abutilon theophrasti seed after 
drying over calcium chloride for varying periods 
of time 
Drying time # Germination after 
in weeks 2 days 4 days 6 days 
0 6 35 43 
1 0 21 41 
2 6 36 58 
3 7 50 64 
4 2 58 63 
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Table 4. Germination of cut3 and intact seed of Abutilon 
V ^  «•», •» V >» r» "4* •! 
# Germination at 20°C after 
Year of 2 days 4 days 6 days 
harvest Intact Cut Intact Cut Intact Cut 
1954 2 19 24 58 30 67 
1955 9 18 30 48 32 56 
1957 1 18 20 38 27 51 
1958 4 18 32 41 41 45 
1959 2 19 14 26 15 32 
I960 0 25 2 35 2 39 
Average 3 20 20 41 24 48 
*The seed coat was broken by cutting a small nick with 
a razor blade in the chalazal region of the seed. 
The Bole of Inhibitors and Light in Seed Germination 
Observations presented in Table 4 indicated that fac­
tors other than seed coat impermeability were involved in 
the germination process. Consequently, investigations of 
the possible roles of light and germination inhibitors were 
undertaken. It was observed that in those cut seed that 
failed to germinate, radicle growth was initiated but failed 
to proceed normally. The appearance of the non-germinated 
cut seed suggested that factors in the seed coat might be 
contributing an inhibitory effect on further growth. The 
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likelihood of such inhibitors being found in the embryo was 
considered slight, since embryo culture experiments revealed 
a complete lack of embryo dormancy in this species. An ap­
paratus which permitted continuous water circulation in a 
closed system was designed and used in seed leaching experi­
ments . A description of the apparatus and the method of use 
is given in Pig. 5. 
Intact, 1958 seed of A. theophrasti was leached in cold 
running water. The seed was then removed and tested for 
germination; the results are given in Table 5. Water leach­
ing of intact seed for the time intervals shown had little 
effect on germination. 
The seed coat was ruptured on 600 seed harvested in 
1958. This seed was leached with water at a temperature of 
4°C for ten hours, then air dried at room temperature. The 
Table 5• Germination of intact seed of Abutilon theophrasti 
after leaching in running water at 4°C 
Leaching time 
in hours 
% Germination8 at 
2 days 4 days 
20°C after 
6 days 
0 18 42 46 
7 22 38 39 
12 15 43 43 
24 8 34 43 
^Based on 200 seed. 
Pig. 5. Apparatus used in seed leaching experiments 
Gravitational water flow from flask A to 
the seed container C is controlled by a 
screw clamp B. An aluminum screen in the 
bottom of the seed container keeps the 
seed confined to container C. The receiv­
ing container B, at the bottom of the 
apparatus, collects water until the level 
reaches the bottom of the water return 
tubing D. When this level is reached the 
air flow from the air inlet P, through the 
water return D and to the aspirator G, is 
retarded and water is returned to the 
flask A. The apparatus was placed in an 
ice water bath to control leaching temper­
ature. The illustration is approximately 
one-half natural size. 
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water extract was brought to dryness by vacuum distillation 
at a temperature of less than 30°C. The residue was taken 
up in 0.6 ml of water and 0.1 ml was added to each of six 
lots of 100 seed used in subsequent germination test experi­
ments. Seed from which the leachate was obtained, as well 
as cut and intact, non-leached seed from the same seed lot 
was used to study the effect of leachate on seed germination 
in light and darkness. The results of the experiment are 
recorded in Table 6. 
Table 6. Effect of water leachate on germination of 
Ahutilon theophrasti seed in light?" and darkness 
# Germination Seed Leachate added No leachate added 
at 25°C after, condition Light Dark Light Dark 
2 days Intact 0 0 0 0 
Cut 2 17 7 40 
Leached, cut 3 40 21 64 
4 days Intact 14 14 30 34 
Cut 10 25 35 54 
Leached, cut 12 71 59 96 
6 days Intact 30 33 42 44 
Cut 11 31 38 59 
Leached, cut 19 83 61 97 
s. 
Light was supplied by a 75 watt, tungsten filament 
bulb placed one and one-half feet above the seed. 
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Water leachate produced a marked inhibitory effect on 
germination of A. theophrasti seed. The effect was most 
pronounced with cut and with leached, cut seed in the pres­
ence of light. Intact seed, however, showed little sensi­
tivity to light or to the inhibitory effect of leachate. 
Preliminary attempts were made to purify and identify the 
water soluble material obtained from A. theophrasti seed. 
Fairly high concentrations of tannin were found in the 
leachate when it was tested for tannin by the method of 
Feigl and Feigl (194-6). Separation was attempted using 
techniques of paper chromatography with a one dimension 
descending solvent system. The solvent used was: 99 parts 
70# aqueous isopropanol to one part ammonia (specific gravi-
~ty 0.9). The concentrated leachate was strip loaded; the 
inning time was 20 hours at 20°G. Three fluorescent bands 
were identified under ultraviolet light. These had val­
ues of 0.15, 0.19 and 0.23. The fluorescent band at 0.23 
contained an X-amino acid as shown by a positive ninhydrin 
o 
test. Heat treatment, at 100 C for three minutes, of the 
ninhydrin sprayed chromatogram revealed at least five dif­
fuse bands. The reaction is a test for all compounds with 
primary or secondary amino groups attached to an aliphatic 
carbon atom. Biological assay using cut seed of A. theo­
phrasti failed to reveal any definite zones of inhibition on 
a chromatogram. 
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A number of chemicals were tested to determine their 
effect on seed germination. The possibility that seed coat 
impermeability was due to impregnations of lipid materials 
was considered and seed treatment with a lipid solvent was 
tested. A 0.5# solution of digitonin was prepared, and seed 
was soaked in the solution for varying periods of time, then 
rinsed thoroughly in water. No effect on subsequent germi­
nation was observed with soaking periods of twenty minutes 
to three and one-half hours. 
The relationship of partial germination of cut seed to 
changes in respiration was investigated. Gut seed of A. 
theophrasti failed to germinate completely. Those seed that 
failed to germinate initiated radicle elongation to the ex­
tent that the radicle broke through the seed coat, then 
failed to develop further. 
These two classes of seed, on the basis of germination, 
can be distinguished after 24- hours of imbibition. Respira­
tion studies were undertaken to determine if there were dif­
ferences in oxygen uptake and carbon dioxide evolution be­
tween the two classes. Cut, 1959 seed was imbibed for peri­
ods of 6, 12, 18 and 24- hours prior to respiration measure­
ments. A sample of 50 seed per flask was used and the two 
flask method was employed for carbon dioxide measurements. 
Seed was blotted dry and placed in Warburg vessels without 
any medium added. Measurements were made at five-minute 
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intervals for a period of one hour. The 24-hour imbibed 
seed was separated into two groups which were termed 
"germinating" and "inhibited" on the basis of visual obser­
vations of radicle growth. Results of respiration studies 
are presented in Table 7. 
The results show a rapid increase in seed respiration 
with increasing time of imbibition. In the case of "inhib­
ited" seed the respiration appears to level off, while res­
piration in the "germinating" class of seed undergoes a 
rapid rise in rate. The relatively low respiration rate of 
the "inhibited" seed offers some evidence for the presence 
of germination inhibitors. 
Table 7• Respiration of cut seed of Abutilon theophrasti 
after varying periods of imbibition^ 
Period of 02 uptake CO? evolution 
imbibition ^l/seed/hour pi/seed/hour EQ 
6 hours 5»10 4.60 0.90 
12 hours 6.15 5.52 0.90 
18 hours 9.78 8.28 0.85 
24 hours "inhibited" 7.54 6.06 0.80 
24 hours "germinating" 17.70 12.64 0.71 
aSee text for details of the experiment. 
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Methods of Breaking Seed Dormancy 
Seed coat impermeability appears to be a major factor 
in dormancy of A. theophrasti seed, while germination inhib­
itors may play a secondary role in the maintenance of this 
non-germinable condition. In an attempt to ascertain the 
influence and implication of environmental conditions on the 
termination of this dormancy state, seed was subjected to a 
number of artificial conditions and the effect on subsequent 
germination was evaluated. After-ripening, alternating ger­
mination temperature, hot water and dry heat treatments were 
carried out. 
After-ripening is a commonly used method of breaking 
seed dormancy. The method involves incubation of the seed 
in a moist stratum at low temperatures. The application of 
this method to seed of A. theophrasti failed to stimulate 
germination. The results are presented in Table 8. 
Some seeds are believed to remain in a dormant state 
due to limitations of oxygen availability to the embryo. 
Germination tests were carried out at oxygen levels substan­
tially higher than those found in air. Gas mixing and ger­
mination was carried out in a Schaar vacuum incubator at 
30°C. The desired concentration of oxygen was obtained by 
evacuating the chamber to a precalculated pressure level, 
then adding oxygen until atmospheric pressure was attained. 
The results presented in Table 9 show little increase in 
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Table 8. Effect of after-ripening3 on germination of 
AV>n-M 1 rm +Vio i"\r>>iT»a<9+-i RdPfi 
After-ripening % Germination at 20°C after 
period (days) 2 days 4 days 6 days 
34-
72* 
5 
7 
0 
40 
13 
0 
40 
17 
0 
^Incubation in moist vermiculite at 0° to 4°C. 
^At the end of the experiment 44% of the seed in this 
treatment was swollen and embryonic tissues showed cellular 
breakdown, 2% was aborted and 54% germinated completely 
after the seed coat was broken. 
Table 9• Effect of oxygen concentration on germination of 
intact and cut seed of Abutilon theophrasti at 
30°C ZIZZ1ZZ_ZZ_ 
Oxygen Intact °2èî 
coneen- % Germination after % Germination after 
tration 2 days 4 days 6 days 2 days 4 days 6 days 
21% (air) la 29 29 32 51 61 
30% 28 30 30 - - -
50% 32 32 32 80 86 86 
70% 39 40 40 72 94 94 
aBased on 200 seed. 
germination of intact seed even at the 70fo oxygen level. 
The rate of germination was accelerated but there was no in­
crease in final total germination. Elevated oxygen levels, 
however, did stimulate germination of cut seed. The stimu­
lation of germination of cut seed and the lack of stimula­
tion with intact seed, suggests a possible limitation of gas 
exchange due to a seed coat barrier. 
High germination of seed of A. theophrasti has been 
obtained by immersing the seed in boiling water for one min­
ute or less (Everson, 1949). This method and a modified 
method were used in experiments to attempt to break seed 
dormancy. Seed from three different lots of A. theophrasti 
were immersed in vigorously boiling water for 4-5 seconds, 
rinsed immediately in cool, distilled water, then tested 
for germination. Results presented in Table 10 indicate 
large variation in effectiveness of the treatment, depending 
on the seed lot. In all cases the treatment resulted in 
rupture of the seed coat of the majority of the seed. The 
variation in germination of different seed lots may be an 
expression of the degree of natural dormancy due to the 
presence of germination inhibitors, or a variability in the 
degree of sensitivity of embryonic tissue to the heat treat­
ment. 
The rapid change in temperature from 100°G to 20°G may 
have brought about cleavage of the seed coat in the 
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Table 10. Effect of boiling water immersion on the germina-
-4 /> -WN A -P A Vv> > ^  -Î 1 /X V> ^ V» /*> /S 1-> V -M «s <-•» 4» *5 « A /N 
VA V *» rfk W Vk W V Mi V V W *• 
# Germination8, 
at 20°0 after Seed lot 
No 
treatment 
Immersed in boiling 
water for 45 seconds 
2 days 1954 0 14 
1958 4 3 
I960 2 6 
4 days 1954 4 34 
1958 30 8 
I960 12 21 
6 days 1954 6 82 
1958 38 14 
I960 13 30 
aBased on duplicate samples of 100 seed. 
preceding experiment. In further investigations a longer 
immersion time and lower water temperatures were employed. 
Results in Table 11 show that hot water and dry heat treat­
ments resulted in seed coat rupture, as evidenced by water 
imbibition of treated seed. 
An experiment was set up with various alternating tem­
perature conditions during the standard germination test. 
o o 
Temperatures of 20 C and 30 C were used, with varying time 
intervals at each temperature. A single alternation of tem 
perature during the germination of I960 A. theophrasti seed 
produced a many fold increase in germination and appeared 
39 
Table 11. Effect of hot water and dry heat treatments on 
— I n  A  A  M  ^  w 
Hot water treatment 
Treatment 
# Germinated 
# Imbibed 
Water time in but not 
temperature seconds after 6 days germinated 
No heat 
treatment 15 5 
70°C 30 68 30 
45 71 23 
60 87 9 
85°0 30 88 12 
45 86 12 
60 87 13 
100°C 30 21 79 
45 2 98 
60 2 98 
Dry heat treatment 
Treatment 
Air time in 
temperature minutes 
95°C 0 30 4 
2 56 5 
4 75 4 
6 81 4 
8 84 8 
^Based on 300 seed. 
4-0 
to be roughly equivalent to the hot water immersion method 
of breaking dormancy. The effect of the alternating temper­
ature treatment was not as pronounced with 1958 seed. Re­
sults are shown in Table 12. 
Table 12. Effect of alternating germination temperatures on the germination8, 
of Abutilon theophrasti seed 
Temperature I960 Seed 1958 Seed 
Time ©in hours at, of termina-9 F # Germination after # Germination after 
20 0 30 C tion period 2 days 4 days 6 days 2 days 4 days 6 days 
4 1 20 C 6 38 50 4 48 54 
4 3 20°G 7 64 71 16 54 56 
4 5 20°G 7 60 70 13 52 53 
4 7 20°C 20 66 70 18 46 51 
4 9 20°C 9 58 64 16 56 60 
4 11 20°G 16 46 70 45 51 54 
0 4 20°G 9 46 70 5 57 60 
0 0 20°C 0 2 2 18 42 42 
0 0 30°G 6 29 
b 
21 52 57 
aBased on 200 seed per treatment. 
bNo count was made because of fungal infection, but 72# of the seed 
had imbibed water. 
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RESULTS FROM STUDIES OF SEED DORMANCY 
IN POLYGONUM PENSYLYANICUM 
The study of seed dormancy in the species Polygonum 
pensylvanicum was concerned primarily with factors related 
to embryo dormancy. Dormancy in P. pensylvanicum, in marked 
contrast to that of Abutilon theophrasti, was largely the 
result of embryo dormancy. After-ripening requirements for 
germination were studied, using conventional germination 
methods and embryo culture techniques as an assay of germin-
ability. In addition, investigations of subcellular changes 
in the embryo during after-ripening were carried out using 
methods of electron microscopy. These observations coupled 
with results of biochemical analysis of embryonic tissue 
were employed in attempts to correlate changes in the embryo 
related to the germination phenomenon. 
Experiments with After-Ripening of Seed 
Non-after-ripened, freshly harvested or stored seed of 
P. pensylvanicum was found to be extremely dormant. Fur­
thermore , rupturing the seed coat did not materially in­
crease germination. Results of germination tests, summa­
rized in Table 13, are representative of those obtained with 
various seed lots from different years. 
Exposure to oxygen levels of 30, 50 and 70# did not in­
crease germination of 1958 harvested seed. Attempts to 
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Table 13. Germination of intact and cut seed of Polygonum 
-- n _ oaOA 1 
^/oxAQjr _i. v CLXJ.-Ly, uni o, v &. x/ w 
Condition of seed coat 
Intact Cut 
Year of # Germination after # Germination after 
harvest 2 days 4 days 6 days 2 days 4 days 6 days 
1951 0 0 0 0 0 0 
1954 0 0 0 0 0 0 
1958 0 0 0 0 0 8 
1959 0 0 0 0 4 6 
I960 0 0 0 0 0 2 
increase germination of intact seed by adding various chem­
icals to the germination medium also failed. Reduced glu-
••1 3 —1 
tathione at 10 to 10 grams per liter, ^ -amylase at 10 
to 10 ^  grams per liter and gibberellic acid (75# potassium 
\ —6 —4 
salt) at 4 x 10 to 4 x 10 grams per liter were tested. 
The same concentrations of gibberellic acid and of gluta­
thione failed to stimulate growth of isolated embryos when 
added to the culture medium. 
Further studies of the nature of seed dormancy in this 
species were dependent on a suitable supply of non-dormant 
seed. Various methods of after-ripening based on incubation 
on a moist medium at low temperature or alternating 
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temperatures have been successful in the induction of germi­
nation in seed of a number of species. These methods pro­
duced varying degrees of germination in the seed lots of 
P. pensylvanicum tested. The effect of after-ripening on 
the germination of one lot of 1958 harvested seed is given 
in Table 14. This treatment of seed on moist vermiculite 
at 0° to 4°G resulted in high germination when the treatment 
time was approximately two months. 
Seed of P. pensylvanicum at maturity is enclosed by a 
thin papery calyx and a hard, thick, reddish brown seed 
coat. The appearance and size of the seed and isolated em­
bryos is shown in Fig. 6. Isolated dormant embryos from 
seed of P. pensylvanicum failed to grow or occasionally pro­
duced dwarfed seedlings when cultured on a basic medium. 
These dwarfed seedlings had thick, dark green leaves and 
Table 14. Effect of after-ripening on germination of seed 
of Polygonum pensylvanicum 
After-ripening # Germination at 20°C after 
period in days 2 days 4 days 6 days 
0 0 0 0 
24 0 2 3 
62a 0 64 69 
^Embryos from 10 seed were isolated and placed on basic 
culture medium. One embryo produced a normal appearing 
plant, three produced dwarfed plants and five failed to 
germinate. 
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Pig. 6. Seed and embryos of Polygonum pensylvanicum 
Prom left to right: mature seed, seed with 
enclosing calyx removed, seed after removal 
of seed coat, isolated embryos. 
usually a very limited root system. Other growth patterns 
were characterized by extensive root growth but limited 
shoot development. Representative seedlings are shown in 
Pig. 7. The relative growth of dwarfed seedlings from dor­
mant embryos of seed of P. pensylvanicum as compared to the 
extensive growth of non-dormant embryos of A. theophrasti, 
is illustrated in Pigs. 8 and 9• 
Growth of isolated embryos revealed differences in the 
degree of embryo dormancy among different seed lots. 
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Fig. 7. Seedlings from cultured embryos 
of Polygonum pensylvanicum 
The three dwarfed seedlings on the 
left are from embryos cultured on 
basic medium for 48 days. Note the 
fairly extensive root development 
on one, but the very much inhibited 
shoot growth on all three. The 
normal appearing seedling on the 
right was cultured for 33 days. 
Pig. 8. Dwarfed seedlings from embryos of 
Polygonum pensylvanicum. cultured 
48 days on basic medium 
Pig. 9. Seedlings from embryos of Abutilon 
theophrasti, cultured four days on 
basic medium 
48 
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Observations of growth of embryos from a number of seed lots 
are given in Table 15. The previously presented data on 
germination of intact seed from these seed lots showed ger­
mination percentages were essentially zero in all cases. 
Embryos were cultured at 30°C under weak fluorescent lights. 
The high frequency of normal appearing embryos indicated a 
lack of embryo dormancy in freshly harvested I960 seed. 
After a two-year seed storage period, however, embryos were 
completely dormant. 
Table 15. Growth of isolated embryos of Polygonum 
pensylvanicum on basic nutrient medium 
Observations 
Seed Number of a 
lot embryos Normal Dwarfed No growth 
1951 18 0 0 18 
1954 18 0 0 18 
1958 24 0 0 24 
1959 18 1 9 8 
1960 16 14 2 0 
aPlants were rarely more than one centimeter tall, 
root growth was limited, leaves were thick, broad and dark 
green in color. 
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Seed of I960 harvested P. pensylvanicum was tested for 
germination and found to be dormant (Table 13). This seed 
o o 
was after-ripened at 0 to 4 C. Germination tests and em­
bryo cultures were carried out after various periods of 
after-ripening. The results summarized in Table 16 showed 
an initial increase in germination with after-ripening, then 
a subsequent drop. Growth of isolated embryos reflected a 
change from an almost complete lack of embryo dormancy to a 
gradual increase in dormancy with increased after-ripening 
time. 
Studies of Biochemistry and Cytology of Seed 
Gytological and biochemical methods were employed in 
attempts to study differences between dormant and non-
dormant embryos of P. pensylvanicum. Embryos from after-
ripened (see Table 14) and non-after-ripened, 1958 seed were 
fixed in 3:1 alcohol-acetic, dehydrated and embedded in par­
affin for preliminary study of cellular structure. Sections 
were stained with the Peulgen reaction for a study of the 
nucleus and counterstained with orange G and fast green for 
observations of overall cell detail. Cells were generally 
uniform throughout the embryo with the exception of those in 
the central vascular and provascular strands. Cells other 
than those in the vascular core contained large accumula­
tions of starch. Nuclei were irregular with large nucleoli. 
Table 16. Germination of seed and growth of isolated embryos of I960 
Polygonum pensylvanicum after varying periods of after-ripening 
Period of 
after-ripening 
in days 
io Germination after No. of 
2 days 4 days 6 days embryos 
Observed growth of embryon 
Normal Dwarfed No growth 
0 0 0 0 16 14 2 0 
43 0 6 6 6 2 4 0 
48 10 22 22 9 2 4 3 
59 2 12 12 9 4 5 0 
64 0 6 8 9 2 7 0 
70 4 12 12 12 3 9 0 
75 8 18 20 9 4 5 0 
83 16 36 36 9 7 2 0 
85 36 48 56 9 4 5 0 
vn 
H 
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No mitotic figures were observed in dormant or non-dormant 
embryos. 
Electron microscope observations were confined to sec­
tions from the radicle region of embryos from dormant and 
after-ripened, 1958 harvested seed. Seed coats were removed 
and the seed was then soaked for approximately four hours in 
distilled water before the embryos were isolated. The iso­
lated embryo was placed in a drop of fixative and three one-
millimeter segments were excised from the radicle extremity. 
These portions were transferred immediately to fresh osmium 
tetroxide fixative, and fixed for thirty minutes at 4°G. 
The material was then dehydrated and embedded in either 
Vestopol W or Epon. 
Electron micrographs revealed numerous amyloplasts in 
most cells of the root tip (Pig. 10). Mitochondria appeared 
to be concentrated around the nucleus and at cell extremi­
ties. The only observed difference between root tip cells 
of dormant and non-dormant (after-ripened) embryos was the 
occurrence of very electron dense particles in cells of non-
dormant embryos. The appearance and localization of these 
particles are shown in Pigs. 13, 14 and 15. In contrast, 
cells of dormant embryos (Pigs. 10, 11 and 12) contained 
very few such particles. These electron dense particles 
were concentrated in the nucleolus, but some particles were 
found also in the nucleus, exterior to the nucleolus and in 
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cytoplasm, as seen in Fig. 13. 
Ribonucleic acid is known to be a major constituent of 
the nucleolus. The presence of electron dense particles in 
nucleoli of non-dormant embryos suggested a possible change 
in overall metabolic pattern during the after-ripening proc­
ess. The locus of these electron dense particles and their 
distribution, as illustrated in Fig. 13, suggested the pos­
sible migration of ribonucleic acid from nucleus to cyto­
plasm during after-ripening. Ribonucleic acid (RNA) in the 
cytoplasm is believed to be the site of protein synthesis. 
This possible migration of RNA may then be part of a general 
changeover in the metabolic pattern required for subsequent 
germination. 
A quantitative study of ribonucleic acid content of 
P. pensylvanicum embryos was undertaken in an attempt to 
relate increases in RNA to appearance of nucleolar particles 
during the after-ripening process. Desoxyribonucleic acid 
(DNA) determinations were also made on the same embryos. 
Embryos isolated for analysis were obtained from three dif­
ferent sources: 
1. A lot of 1958 harvested seed taken from stocks 
of refrigerator stored material. Embryos iso­
lated from this material were extremely dormant. 
2. The same material as above but after-ripened for 
94 days. With this after-ripening treatment, 
however, embryos still exhibited a high degree 
of dormancy. 
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3. A I960 harvested lot of P. -pensylvanicum having 
vt r\ o r> A r>"yvmor>/"»tr 
Samples of ten isolated embryos were macerated in 70% 
ethanol using a Potter-Elvehjem homogenizer made from a 
13 mm x 100 mm test tube. UNA and DNA isolations and deter­
minations were made by the method of Ogur and Rosen (1950), 
with some modifications. The procedure is outlined in 
detail below. All steps were carried out at approximately 
o 
4 G unless otherwise indicated. 
1. Embryos were isolated and stored in 70$ ethanol 
(never more than 4 hours). 
2. The 70$ ethanol was drained off and embryos were 
macerated with the Potter-Elvehjem. 
3. The homogenate was taken up in 6 ml of 70# ethanol 
and centrifuged at approximately 21,000 x G for 
30 minutes. 
4. The supernatant was discarded and the residue 
taken up in 9 ml of 70% ethanol containing 0.1% 
perchloric acid. 
5. The mixture was centrifuged at 1200 x G for 10 min 
and the supernatant discarded. 
6. The residue was suspended in 5 ml 3:1 absolute 
ethanol-ethyl ether, boiled gently on a water 
bath for 3 min, then centrifuged for 10 min at 
1200 x G and the supernatant discarded. 
7. Step 6 was repeated. 
8. The residue was suspended in 5 ml cold 0.2 N 
perchloric acid and centrifuged at 1200 x G for 
10 min. 
9. The residue was suspended in 2 ml 1 N perchloric 
acid and incubated for 16 hrs at 4°C. 
10. The mixture was centrifuged at 1200 x G for 10 min 
and the supernatant transferred to a 5 ml volu­
metric flask. 
55 
11. The residue was washed twice with 1 ml portions 
<•». 1 XT x*. yx "V* H /-> •£ *•»/•* «5 <3 HI V» s~\ i.rv» r% V» *t tf\ r+ O \+yVIÛ /"-% AW 
bined with the supernatant from step 10 and the 
volume made up to 5 ml (1st RNA extraction). 
12. The residue was incubated for an additional 
4 hr at 4°c with 3 ml 1 It perchloric acid, cen­
trifuged and the supernatant made up to 5 ml 
(2nd RNA extraction). 
13. The residue was suspended in 2 ml 0.5 B perchloric 
acid and incubated at 70°C for 20 min. The super­
natant after centrifugation was saved. 
14. Step 13 was repeated and the two supernatants were 
combined and made up to 5 ml (DNA extraction). 
15. The optical density of an aliquot from each 
extraction was determined at 260 m/u with a 
Beckmann Model DU spectrophotometer. 
Absorption spectra of both RNA and DNA extractions were 
determined in the range of 225 to 300 mjA. These spectra did 
not always follow a similar pattern. However, without ex­
ception, spectra of all samples had an absorption maximum at 
260 mp. The shift in DNA absorption maximum from 260 mp. to 
268 mp, due to perchloric acid extraction and as reported by 
Ogur and Rosen (1950), was not observed in these determina­
tions. The results of RNA and DNA determination are given 
in Table 17. 
Since only comparisons of relative RNA concentrations 
between seed lots differing in degree of embryo dormancy 
were desired, values were reported as optical density read­
ings. Wide variations in optical density values between 
samples were obtained. This variation can be at least 
partially explained on the basis of variation in sample 
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weight and the extremely small amounts of nucleic acids 
being determined per sample. Data presented in Table 18 
indicate wide variations among samples (ten embryos in each) 
as well as between two after-ripening treatments. Cytologi-
cal examination of the material revealed no mitotic figures. 
Chromosomal DNA is generally assumed to exist in the non-
doubled condition in non-dividing cells of a tissue and 
therefore can be assumed to be essentially constant on a 
per cell basis. RNA optical density values were converted 
to RNA-DNA ratios in an attempt to attain a more accurate 
comparative value for RNA in embryos in various stages of 
after-ripening. These ratios are tabulated in Table 17. 
Variance analysis of these calculated values revealed no 
significant difference in RNA, at the 5% probability level, 
among the three lots of embryos differing in degree of dor­
mancy. 
Table 17. Optical density of UNA and DNA solutions from embryos of 
Polygonum pensylvanicum 
Optical density 
Period of 
after-
RNA in 1 N HC104 DNA in 0.5 N HCIO4 
Year of ripening Sample 1st 2nd 
RNA/DNA harvest (in days) no. extract . extract. Total Total 
1958 0 1 0.146 0.047 0.193 0.249 0.7H 
2 0.134 0.049 0.183 0.276 0.6(> 
3 0.160 0.051 0.211 0.255 0.8;5 
4 0.168 0.057 0.225 0.282 0.80 
Mean 0.203 0.266 0.7b 
1958 94* lb 0.145 0.030 0.175 0.190 0.9:? 
2 0.065 0.014 0.079 0.173 0.4b 
3 0.092 0.016 0.108 0.182 0.5') 
4 0.044 0.010 0.054 0.145 0.3V 
Mean 0.104 0.172 0.60 
1960° 0 1 0.082 0.058 0.140 0.217 0.6't-
2 0.090 0.048 0.138 0.222 0.6:2 
3 0.096 0.051 0.147 0.187 0.79 
4 0.078 0.044 0.122 0.200 0.61 
Mean 0.137 0.206 0.66 
aThese embryos still exhibited a high degree of dormancy. 
^Each sample consisted of ten embryos. 
°This seed lot had no embryo dormancy. 
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Table 18. Wet and dry weights of ten embryo samples of 
1958 harvested Polygonum pensylvanicum 
After-ripening 
period in days Wet weight Dry weight 
prior to embryo Sample 
isolation no. mg/10 embryos mg/10 embryos 
0 1 9.74 5.11 
2 10.55 5.79 
3 9.03 4.69 
4 8.59 4.51 
Mean 9.48 5.02 
94 1 7.27 3.76 
2 7.25 2.34 
3  6 . 8 6  2 . 6 2  
4 8.59 4.19 
Mean 7.50 3.23 
Pig. 10. Electron micrograph of cells of a dormant 
embryo of Polygonum pensylvanicum 
Cells have large numbers of amyloplasts. 
Mitochondria can be seen around the nu­
cleus and at cell extremities. Note the 
relatively uniform texture of the nucleo­
lus. Embedded in Vestopal W. x8000. 
legend: cw - cell wall 
nw - nuclear membrane 
nu - nucleus 
no - nucleolus 
am - amyloplast 
dp - electron dense particles 
mi - mitochondria. 
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Pig. 11. Cell of a dormant embryo of Polygonum 
pensylvanicum 
The nucleolus shows a slightly granular 
consistency. Embedded in Vestopol W. 
x 19,600. 

Pig. 12. Cell of a dormant embryo of Polygonum 
pensylvanlcuin 
Note structure in the nucleolus and 
presence of two electron dense parti­
cles. Embedded in Vestopol W. x 37,000. 

Pig. 13. Cell of a non-dormant embryo of Polygonum 
pensylvanicum 
The nucleolus has an accumulation of 
electron dense particles, some also 
occur in the nucleus exterior to the 
nucleolus. Embedded in Epon. x 12,600. 
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Pig. 14. Cell of non-dormant embryo of Polygonum 
pensylvanicum 
Electron dense particles are present in 
the nucleoli. White spots may be areas 
where dense material was torn from the 
section. Embedded in Vestopol V. 
x 19,600. 

Pig. 15. Electron micrograph of same nucleolus 
as shown in Pig. 14 - x 37,000 
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DISCUSSION 
Seed dormancy has been defined on the basis of a number 
of types, two of which have been evidenced in the species 
studied. Thus dormancy in Abutilon theophrasti is due to 
seed coat impermeability, while embryo dormancy controls 
germination of seed of Polygonum pensylvanicum. The results 
of this investigation, however, show the inadequacies of 
precise dormancy classifications and reveal the complexity 
of dormancy mechanisms. Imbibition of water was essential 
for the germination of seed of A. theophrasti, but not all 
imbibed seed germinated. Similarly the presence of a non-
dormant embryo did not always result in germination of seed 
of P. pensyIvaninum. even though dormant embryos were a ma­
jor factor in the failure of this species to germinate uni­
formly. 
Seed dormancy in A. theophrasti is maintained by imper­
meability of the seed coat to water and by an inhibitory 
system which may further prevent germination after water 
entry. The termination of dormancy can be attributed to a 
complex series of physical and chemical changes which ulti­
mately result in germination. This sequence can be conve­
niently divided into two major phases. The first involves 
the rupture of the seed coat in the area adjacent to the 
chalazal slit. The second phase becomes operative after the 
imbibition process and involves a chemical inhibitor system 
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which may maintain imbibed seed in a dormant condition. 
During the ripening process, seed of A. theophrasti 
develop a thick-walled palisade layer which completely en­
closes the seed except for a slit-shaped opening in the cha-
lazal region (Pig. 2). The opening is covered by a cap of 
funiculus tissue which closes over the chalazal opening when 
the seed is in a moist environment. This loose fitting cap 
may be a partial barrier to moisture entry through the cha­
lazal slit but probably is of secondary importance. The 
palisade layer is visualized as the major barrier to water 
entry. Changes which occurred in this layer during ripening, 
may affect its impermeability. Results obtained by Eyde 
(1954) with legume seed indicated that atmospheric humidity 
conditions during the ripening process brought about changes 
in the thick-walled elongated cells in the seed coat. With 
dry ripening conditions, these cells collapsed and the con­
tinuity of contact between adjacent cell walls contributed 
to the impermeability. Ripening at high relative humidities 
resulted in a lesser degree of dormancy than with dry ripen­
ing conditions. A similar mechanism may be operative in 
seed of A. theophrasti and further investigations along this 
line would be valuable. 
Assuming water impermeability of the palisade layer in 
A. theophrasti is a major factor in dormancy, then one must 
consider possible natural mechanisms which terminate this 
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condition and allow for water uptake. The chalazal slit is 
the first obvious possibility. This opening was found to be 
activated by changes in moisture conditions external to the 
seed in a manner similar to that found by Hyde (1954) with 
legume seed. Hyde found that the opening and closing of the 
hilar fissure was controlled by small differences in rela­
tive humidity between the exterior and interior of the fis­
sure . His results indicated that a gradual increase in 
atmospheric relative humidity did not activate the hilar 
fissure and a moisture equilibrium between the seed and sur­
rounding atmosphere was attained. The increased moisture 
level of the seed, then served to increase seed germination. 
This hypothesis was tested with seed of A. theophrasti. The 
first experimental attempt to increase germination by this 
method failed. Relative humidity values are misleading how­
ever and a clearer picture of moisture conditions was ob­
tained when relative humidity values in Table 1 were con­
verted to water vapor pressure values. The vapor pressure 
of water under the. storage conditions prior to the experi­
ment (5°C, 71$> relative humidity) was equivalent to 4.6 mm 
of mercury, while in the initial treatment condition (20°C, 
45# relative humidity) it was 7.9 mm of mercury water pres­
sure . This vapor pressure change may have been sufficient 
to cause closure of the chalazal slit and the subsequent 
gradual increase in vapor pressure then would have been 
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ineffective. The second initial treatment condition was de­
signed to eliminate this possibility. The change from 5°0, 
71# relative humidity to 20°C, 15.5# relative humidity cor­
responds to a water vapor pressure change from 4.6 to 2.6 mm 
of mercury. The results of this treatment, however, dif­
fered little from those in previous experiments, although 
there was some indication of increased germination. One may 
conclude that no moisture entered through the chalazal slit, 
or if it did, the increased moisture content did not affect 
subsequent germination. Moisture content determinations of 
seed stored under these conditions may be valuable to a fur­
ther understanding of the problem. 
The chalazal slit may function in allowing moisture 
entry into seed of A. theophrasti but it does not appear 
likely that this mechanism is of major importance in germi­
nation. Activation of the chalazal slit is dependent on 
rapid changes in the balance between moisture level exterior 
and interior to the opening. Thus a gradual increase in 
exterior moisture level will not bring about closing of a 
previously open chalazal slit and moisture absorption by the 
seed may follow. If the slit is already closed prior to a 
gradual increase in exterior moisture level, however, the 
change in moisture condition will be ineffective in increas­
ing water content of the seed. Under natural conditions 
then, increased germination by moisture absorption through 
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the chalazal opening has two rigid prerequisites; first, the 
chalazal slit must be in an open position and, secondly, the 
stated condition must be followed by a gradual increase in 
moisture level surrounding the seed. This combination of 
events could be expected to occur rarely under natural con­
ditions . 
The chalazal slit may be of major importance, however, 
in the process of seed maturation. The palisade layer is 
differentiated early in the development of seed cf A. theo-
phrasti (Winter, 1960b) and the chalazal slit may be the 
only major point of moisture loss during the drying process. 
Seed coat rupture was observed to occur regularly in 
the region of "the ridge" on seed of A. theophrasti. This 
was induced by a number of artificial conditions such as dry 
and wet heat treatments and desiccation. Changing environ­
mental conditions in the field could result in a similar 
effect and this mechanism is considered to be of major im­
portance in the termination of seed dormancy in this spe­
cies. 
After loss of water impermeability, it does not follow 
that seed germination will occur. In fact, complete germi­
nation of viable seed was never attained in laboratory ex­
periments except when cut seed was leached with water prior 
to germination tests. The role played by chemical germina­
tion inhibitors in the natural germination process is 
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difficult to evaluate. This may be a mechanism to maintain 
dormancy in permeable seed for a relatively short period 
following seed drop or to spread out natural germination of 
a population of seed which had been subjected to environ­
mental conditions which brought about imbibition. The in­
hibitory mechanism is especially effective in the presence 
of light as shown in Table 6. In consequence, seed at the 
soil surface which had been rendered permeable by dry condi­
tions could remain in a non-germinated condition until a 
rather lengthy period of high moisture resulted in the re­
moval, or reduction of the level of the germination inhibi­
tor. This high moisture condition would, in turn, prove to 
be favorable for optimum growth of the new seedlings. 
Other factors not investigated_in this study may play 
secondary roles in the developmental sequence from seed 
maturation to seedling. Among these, the importance of car­
bon dioxide effects on seed at lower levels in the soil and 
the chemical changes which may occur in seed coat constitu­
ents may merit further investigation. 
Evidence for the sequence of events involved in the 
termination of seed dormancy in Polygonum pensylvanicum is 
incomplete; however, the data obtained do suggest possible 
stages in this developmental process. Freshly harvested 
seed which falls from the plant is highly dormant. Isolated 
embryos, from this seed however, develop into normal 
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seedlings when placed on basic culture medium. Embryos be­
come increasingly dormant with extended periods of dry stor­
age and after a two-year period have reached a high degree 
of dormancy. Storage under moist conditions accelerated the 
process as evidenced by the data presented in Table 16. The 
onset of embryo dormancy could be considered to be part of a 
normal seed maturation process, or it may be a secondary 
stage in a complex dormancy mechanism. A shift, of both em­
bryo and seed, back to the non-dormant state may occur, how­
ever, if the period is both extended and regulated with re­
gard to temperature and moisture. Varying degrees of em­
bryo dormancy were evident and a two-year period of dry 
storage resulted in an embryo dormancy which was extremely 
difficult to reverse. 
Seed dormancy in the absence of embryo dormancy sug­
gested a germination inhibitor in either endosperm or seed 
coat. The inhibitory control over embryo growth apparently 
was lost when the embryo was isolated from the surrounding 
tissue. The intense embryo dormancy noted after extended 
storage may result from a build up in concentration of the 
inhibitor, or accumulation of a toxic intermediate resulting 
from inhibitor controlled respiration. In either case the 
resultant inhibitory material would have to be relatively 
non-diffusable in order to maintain dormancy after embryos 
are isolated and placed on a culture medium. 
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The interaction between embryo and surrounding tissue 
is apparently complex. Occasionally, cultured embryos from 
seed which had a high degree of germinability did not grow 
normally (see footnote, Table 14). There may be specific 
requirements for normal growth of these embryos, which are 
supplied by endosperm tissue. This requirement may only be 
necessary after reversal of embryo dormancy, since embryos 
isolated from freshly harvested, I960 seed were non-dormant 
and produced normal seedlings when cultured on medium. 
The relationship between embryo dormancy and the ap­
pearance of dwarfed seedlings from cultured embryos merits 
further investigation. This abnormal growth pattern has 
been observed by numerous investigators, but none has ob­
tained evidence regarding possible differences in metabolic 
mechanisms between normal and dwarf growth patterns. Inten­
sive biochemical investigations may reveal differences in 
levels of growth factors, or shifts in overall respiratory 
pathways. Such research could contribute to an understand­
ing of the control mechanisms regulating growth pattern, 
differentiation and related phenomena. 
Limited evidence has been obtained to support the hy­
pothesis that synthesis and migration of ribonucleic acid 
during seed after-ripening may lead to enzyme synthesis and 
a subsequent shift in metabolic pattern which precedes ger­
mination. The main weight of evidence hinges on the ob­
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served localization and distribution of electron dense par­
ticles which appear to be present in non-dormant embryos and 
absent in dormant embryos. 
Other investigators have observed apparently similar 
particulate matter in root tip cells of Vicia faba and 
Allium cepa (Lafontaine, 1958; Porter, I960) and in Amoeba 
proteus (Cohen, 1957). These particles were similar in that 
they were all very electron dense, they were generally found 
in highest concentration in the nucleolus and they were all 
in a size range of 100 to 400 1 in diameter. These parti­
cles, termed "foamy particles" by Cohen (1957), were found 
in all parts of the cell of Amoeba proteus but were gener­
ally concentrated in the nucleolus and in one case were 
closely associated with the membrane of a food vacuole. 
None of the previously cited investigators has commented on 
the chemical nature or possible role of these particles in 
cellular functions. 
Taylor (I960) reviewed the convincing evidence reported 
in the literature that cytoplasmic SNA is synthesized in the 
nucleus and migrates to the cytoplasm. Two SNA components 
of cytoplasm, a "soluble ENA" and microsomal BNA, are be­
lieved to direct protein synthesis (see Meister, 1959, for a 
review). The nature of the mechanism directing transfer of 
genetic information from ENA to SNA and subsequently to pro­
tein or enzyme structure is unknown but several theories are 
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presented by Rich (I960). Stich and Baylor (1958) observed 
variation in DM content of specific chromosome regions of 
salivary gland chromosomes of larvae of Glyptotentipes. DNA 
concentration in a particular "puffed" region changed re-
versibly with change in temperature. A parallel transfer 
during low temperature after-ripening of Polygonum pensylva-
nioum seed, could have ramifications in elaboration of en­
zyme systems. 
Respiration may be almost exclusively via the glycoly­
tic pathway in immature plant tissue, while a respiration 
shift to the pentose phosphate pathway may accompany differ­
entiation or maturation processes in plants (Gibbs and 
Beevers, 1955)• A changeover in metabolic pattern accom­
panying or preceding germination of previously dormant seed, 
thus could be considered plausible. 
Further electron microscope studies utilizing a number 
of cytological fixatives may elucidate additional details of 
structure and distribution of electron dense particles ob­
served in cells of P. pensylvanicum embryos. The nature of 
this tissue makes embedding and sectioning difficult and 
variations in standard methods may yield superior results. 
These studies could include observations of embryos in a se­
quence of stages of after-ripening and microspectrophoto-
metric determinations of RFA distribution in the cell could 
be undertaken. 
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SUMMARY 
1. Seed dormancy in Abutilon theophrasti is due pri­
marily to an impermeable seed coat; germination inhibitors 
play a secondary role in dormancy by controlling subsequent 
growth after imbibition, the initial germination phase, has 
occurred. 
2. A possible sequence of events in the interruption 
of dormancy under natural conditions has been presented. 
The first step in this sequence involves disruption of the 
seed coat barrier to water entry. A number of conditions 
such as extreme drying, alternating temperatures and pos­
sibly freezing and thawing may result in cleavage of the 
seed coat in a "ridge" region just above the chalazal slit. 
Absorption of water by the seed almost invariably follows 
seed coat rupture. The second phase of germination, which 
includes elongation of the radicle, penetration of the seed 
coat and uninhibited growth of the root, normally follows. 
Inhibitors may be effective in controlling, at least tempo­
rarily , the latter portion of this phase when root growth is 
limited immediately after penetration of the seed coat. 
3. Under the influence of this combined control mech­
anism, the emergence of seedlings may be spread over several 
growing seasons and some seed may remain in a dormant state 
over a period of several years. 
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4. Preliminary studies of seed dormancy in Polygonum 
pensylvanicum have revealed a complex system governing ger­
mination in this species. Embryo dormancy and germination 
inhibitors appear to be involved in an intricate pattern of 
interaction which may result in varying degrees of embryo 
dormancy in the presence or absence of overall seed germin-
ability. Embryo dormancy was determined on the basis of 
growth of isolated embryos on a culture medium. 
5. Electron microscopic studies of root tips of dor­
mant and non-dormant embryos revealed at least one pro­
nounced difference with the limited number of specimens 
examined. Electron dense particles were found in nucleoli 
of cells of non-dormant embryos and not in cells of dormant 
embryos. This difference may indicate basic changes in 
metabolic pattern which are coincident with the transition 
from dormant to non-dormant state. 
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